Despite public health efforts, individuals with serious mental illness (SMI) still have very high rates of tobacco smoking. Innovative approaches to reach this population are needed. These series of case studies aimed to descriptively evaluate the usability, user experience (UX), and user engagement (UE) of Learn to Quit (LTQ), an acceptance and commitment therapy smoking cessation app designed for people with SMI, and to compare it with an app designed for the general population, NCI (National Cancer Institute) QuitGuide (QG). Both apps were combined with nicotine replacement therapy and technical coaching. Inspired by the ORBIT model, we implemented two case studies with crossover AB interventions, two B-phase training designs, and three bi-phasic AB single-case designs with Start-Point and Order randomization (A = QG, B = LTQ). Study outcomes were measured using the System Usability Scale, UX interviews, and background analytics. LTQ's usability levels were above the standard cutoff and on average higher than QG. UX outcomes suggested the relative benefits of LTQ's visual design, gamification and simple design structure. LTQ's overall UE was high; the app was opened for an average of 14 min per day (vs. QG: 7 min). However, users showed low levels of UE with each of the app's tracking feature. Measures of psychiatric functioning suggested the safety of LTQ in people with SMI. LTQ appears to be a usable and engaging smoking cessation app in people with SMI. An optimized version of LTQ should be tested in a Phase II study.
INTRODUCTION
The tobacco smoking rate among adults diagnosed with serious mental illness (SMI), such as schizophrenia spectrum, bipolar, and recurring depressive disorders, is 3 to 4 times the rate of the general population [1, 2] . These high smoking rates have serious health consequences for this population, including a higher incidence of cancer [3] and 25 years of reduced life expectancy [4] . Thus, there is a great need to develop tailored smoking cessation interventions that can be widely disseminated in this population.
Digital technology may help address the treatment needs of people with SMI. Digital interventions can be standardized to provide evidence-based content, accessed from many locations at any time, tailored to specific groups, and implemented at a lower cost than traditional psychosocial interventions. Furthermore, two recent studies indicate that 72%-81% of individuals with SMI have a mobile device [5, 6] , suggesting that wide dissemination of smartphone-based interventions is possible.
Recently, there have been numerous efforts to design digital interventions for people with SMI [7] [8] [9] [10] [11] [12] . These include a website to increase psychoeducation [7] , two mobile apps developed to improve management of psychotic symptoms [8, 9] , and a website for smoking cessation [10, 13] . Despite these efforts, no digital health intervention for smoking cessation has been reported to address smoking cessation in people with SMI using a more ubiquitous and accessible tool such as mobile technology.
Engagement with general smoking cessation apps, however, has been shown to be challenging for people with SMI. This population often experiences deficits in cognitive functioning [14, 15] and theory of mind [16] , problems with fine motor skills [17] , mental health symptoms [18] , and low
Implications
Practice: Learn to Quit may be a viable and safe intervention to increase smoking cessation skills in people with serious mental illness.
Policy: Learn to Quit may be a scalable and cost-effective method of delivery of smoking cessation treatment in people with serious mental illness.
Research: A Phase II study is needed to test the feasibility of this app in a larger sample of this population.
educational attainment [19] . In a previous study, we found symptoms of depression and lower education predicted low utilization of SmartQuit, a smoking cessation app developed for the general population [20] . These factors are characteristic of people with SMI, which warranted the need to conduct user-centered design research to identify the design requirements of mobile apps for this population. In a subsequent user-centered design research study [21] , we identified a number of critical barriers among people with SMI when using NCI (National Cancer Institute) QuitPal, a smoking cessation app based on U.S. Clinical Practice Guidelines [22] . Two hundred and forty hours of field experience using NCI QuitPal and 10 hr of recorded interviews and task performance revealed (a) considerable guidance needed to complete critical tasks, (b) high task completion latencies (M = 4.5 min), and (c) usability levels below recommended standards [21] .
Based on this user research, we developed Learn to Quit (LTQ), a smoking cessation app tailored to people with SMI [23] . The app's main active ingredient is acceptance and commitment therapy (ACT) [24] with recommendations from U.S. Clinical Practice Guidelines [22] . LTQ incorporates the following design features to address usability barriers among people with SMI: (a) simple screens, large buttons, and a predictable app structure; (b) gamification of smoking cessation content; (c) use of behavioral principles to enhance retention and comprehension of content; (d) emphasis in visual engagement and storytelling; and (e) access to technical coaching.
A detailed report of LTQ's user-centered design research and features can be found elsewhere [23] .
The focus of this article is to report the results of a series of formative, multimethod case studies testing the usability, user experience (UX), and user engagement (UE) of LTQ using the ORBIT model for early development of behavioral interventions for chronic conditions as a framework [25] . While our previous research represented Phase Ia of the ORBIT model [20, 21, 23] , which aims to define the elements of an intervention, the work reported here is consistent with Phase Ib [25] , intended to refine the core elements of the studied intervention in a real-world setting (see Fig. 1 ).
More specifically, this Phase Ib study allowed us to (a) gain knowledge about the usability of this novel digital intervention in a relatively short period of time without the added costs of recruiting from a larger sample of the population; (b) add confidence in our usability outcomes from a diverse range of measurement approaches; (c) determine whether LTQ's usability and UE were linked to retention and comprehension of the active ingredients of the LTQ intervention-an endpoint that should precede quit rates, our ultimate clinical outcome; and (d) evaluate the acceptability and safety of this type of mHealth intervention in people with SMI.
Case studies are a family of research designs with a wide and flexible range of methodological features [26] including phase comparisons and repeated measures of a relevant outcome [26, 27] . The need for case design methodology has been strongly recommended for early phase treatment development of digital health interventions and as an effective tool to quickly develop treatments in behavioral medicine [25, 26, 28, 29] . Data from these case studies will provide critical support for the need to examine the feasibility and acceptability of this novel intervention in a larger "proof of concept" or pilot Phase II study.
METHODS

Overview of case studies
In a first set of case studies, we evaluated LTQ and NCI QuitGuide (QG) to compare their usability and UX outcomes using a crossover AB design without repeated measures. This design provided an initial evaluation of the usability and UX of each app as measured at the end of each app testing period. In a second set, we examined LTQ's usability, UX, and UE using two B-phase training studies that repeatedly measured UE during an unrestricted 30-day period. This design did not provide a head-to-head comparison of the two apps but offered a more direct test of the natural course of use of a smoking cessation app in a real-world scenario, where the process of quitting often occurs within the first month of setting up a quit date. In a third set of studies, we tested and compared the usability, UX, and UE of both apps using three bi-phasic AB single-case designs. Finally, all case studies examined key individual characteristics that might become barriers to successful use of this novel smoking cessation technology, that is, cognitive performance and psychiatric functioning. Across all case studies, the app intervention was delivered in combination with nicotine replacement therapy (NRT) and technical coaching. The terminology used to describe these case studies is consistent with the Single-Case Reporting Guideline in Behavioral Interventions (i.e., SCRIBE) [30] .
One innovation that distinguished our bi-phasic AB single-case designs is that we followed a methodological procedure recently described in the literature [31] [32] [33] , consisting of the implementation of Order and Start-Point Randomization. Order randomization increases the internal validity of a study by minimizing ordering effects (e.g., LTQ always followed by QG) [32, 33] . Start-Point randomization instead, increases the internal validity of the case study by minimizing length of exposure effects [31, 32] . Start-Point randomization was determined using the Marascuilo-Busk method [34] , which we set to a minimum phase length of 7 days per phase using the R Language package SCRT [35] . This randomization scheme produced phase lengths ranging from 7 to 23 days.
Eligibility
We included individuals who (a) were currently receiving treatment at a community mental health clinic; (b) had an International Classification of Diseases, Tenth Revision (ICD-10) diagnosis of schizophrenia, schizoaffective, bipolar, or recurring depressive disorder; (c) self-reported smoking at least five cigarettes per day over the past 30 days, and biochemical verification by expired carbon monoxide test (cutoff: CM > 6 ppm); (d) had a desire to quit smoking within the next 30 days; (e) were 18 years or older; (f) were willing and medically eligible to use NRT; (g) were fluent in spoken and written English; and (h) were taking their psychiatric medications as prescribed by their provider. We excluded individuals who (a) had problematic alcohol or illicit drug use in the last 30 days, (b) had an acute psychotic episode or were unsafe to participate in the study, (c) were pregnant or had the intention to become pregnant in the next 4 months, or (d) were currently receiving any intervention or counseling for smoking cessation.
Procedures
We recruited participants at a local mental health clinic using flyers, provider handouts, and study announcements at the clinic's drop-in center. Diagnostic criteria were verified with the Mini International Neuropsychiatric Interview [36] , and problematic alcohol or drug use was screened using the Drug Abuse Screening Test [37] and the Alcohol Use Disorders Identification Test [38] . Smoking status was biochemically verified with exhaled carbon monoxide (CM ≥ 6 ppm) [39] . Adherence to psychiatric medication was self-reported by participant at baseline and follow-up.
Participants who met eligibility criteria took part in a study intake interview at the end of which research staff provided each participant with an android smartphone device (XT1032 Moto G) with access to phone, text, and data. Each device had the randomized app installed according to the Order and Start-Point randomization procedure (Section "Overview of case studies"). Participants were provided with NRT to be used on their quit date. Each week, participants attended a 15-30 min technical coaching session to troubleshoot technical problems and improve their ability to use smartphone technology. For those case studies where there was a phase shift, participants attended an additional session to conduct a semistructured interview to assess their experience with the first app and have the second app installed. At study conclusion, we conducted a second interview, a postassessment of psychiatric functioning, and compensated participants with a $50 gift card.
Interventions
Learn to Quit LTQ is an Android app developed as a result of formative work that defined key usability barriers and design requirements in smoking cessation apps for people with SMI [23] . LTQ is based on ACT [24] , an intervention that has shown promising results for smoking cessation in a number of clinical trials [40] [41] [42] [43] , whose active ingredients have shown to predict proximal [44] and distal cessation outcomes [45] , and has empirical support as an intervention for SMI [46] [47] [48] . LTQ encourages the learning and practice of three processes of change: awareness of urges to smoke, openness to experience urges, and commitment to specific values for quitting. In addition, LTQ adheres to U.S. Clinical Practice Guidelines, including (a) setting up a quit date; (b) preparing for cravings, withdrawal symptoms, slips, and staying smoke free; and (c) use of medications. The app's vision was to design a software infrastructure that would empower users to "learn, practice, and play" skills for quitting, hence its name. LTQ encourages the practice of smoking cessation modules of theory-based content by incentivizing the user with tokens ("Stars"). The app was designed so that it had minimal layers of content presented in successive approximations. Finally, daily ecological momentary assessments (EMAs) were also implemented to track mood, NRT use, cravings to smoke, and number of cigarettes smoked daily. We envisioned this feature as a tool to increase individual's self-awareness of mental health triggers and their relationship with smoking behavior. A more detailed description of the LTQ's app is available elsewhere [23] .
NCI QuitGuide
Developed by the NCI, QG is an app based on U.S. Clinical Practice Guidelines for smoking cessation. QG has the following intervention components: (a) psychoeducation about the health consequences of smoking, (b) tracking of smoking habits, and (c) tips for quitting (e.g., getting rid of cigarette ashtrays). More details about the contents and rationale of QG can be found at www.smokefree.gov.
Nicotine replacement therapy
All participants received an 8-week course of NRT (transdermal nicotine patches starting at 21 mg/24 hr) and a 1-week supply of nicotine lozenges (4 mg). This course follows recommendations contained in the U.S. Clinical Practice Guidelines. We instructed participants to use the patches and lozenges on their quit date. A psychiatrist specializing in addictions provided oversight of NRT dispensing and monitoring.
Technical coaching
All participants received smartphone use coaching on a weekly basis by research staff. These coaching sessions lasted between 15 and 30 min. Our coaching intervention had the following components: (a) understanding user familiarity with technology, (b) empathizing with their UX, and (c) taking specific steps toward resolving specific technical issues. We provided technical smartphone consultation over the telephone as needed.
Measures
Baseline characteristics
Positive and Negative Syndrome Scale (PANSS). This 30-item semistructured interview is an extensively used measure of the severity of positive and negative symptoms in psychosis and general psychopathology [49] . Due to the wide range of diagnoses within SMI, we focused on the general psychopathology scale, with scores ranging from 16 to 112 with higher scores indicating more psychopathology, and published norms indicating an average of 44.8 (SD = 9.6) in our target population [50] .
Brief Assessment of Cognition. The task is a reliable and valid test of global cognitive functioning that was developed for patients within the SMI spectrum [51] . Following certification by NeuroCogTrials Inc., the task is administered through an iPad app, and examines verbal and working memory, motor speed, verbal fluency, information processing, and executive functioning. A composite score adjusting for age and gender offers a comprehensive view of cognitive functioning, with higher standardized scores indicating better functioning.
Theory of Mind Picture Sequencing Task. [52] . This task assesses individuals' ability to make inferences about others' emotional and mental states, enabling empathic responses and adaptive social communication, a key cognitive factor in SMI. More directly, it assesses our subject's ability to benefit from the LTQ app, which heavily relies on cartoons and storytelling to convey smoking cessation concepts [23] . Higher scores on the False-Belief subtask (Range 0-6) indicate higher theory of mind ability with published norms indicating an average of 3.83 (SD = 1.59) in our target population [53] .
Smoking behavior. We collected self-reported years of smoking, smoking levels, and nicotine dependence using the Fagerström Test for Nicotine Dependence [54] . This six-item measure assesses the severity of nicotine dependence. Scores range from 0 to 10, with higher scores reflecting higher dependence. We biochemically verified using Breath-Tests using the piCO+ Smokerlyzer™ with a breath carbon monoxide eligibility cutoff of ≥6 ppm [39] .
Usability, user experience, and user engagement metrics
System Usability Scale (SUS). The SUS [55] is a valid and reliable 10-item usability questionnaire widely used by UX researchers. This scale has 10 items with response options on a 5-point Likert scale (1 for "strongly disagree") and a range of total scores ranging from 0 to 100. Scores higher than 68 indicate above standard usability levels [56] .
Semi-Structured Interviews (UX).
A pool of interview questions was designed to cover the following areas: (a) navigation and design of specific app features, (b) interest in using the app to quit smoking, (c) utility of specific app features, (d) experienced barriers in using the app, (e) situations in which using the app may be pleasant or unpleasant, and (f) overall suggestions for more useful or engaging UX.
Frequency and minutes of app use per day (UE).
The "Screen Time" metric in Google Analytics was used to calculate app use frequency and duration for LTQ. This is a conservative metric of app use time because it tracks time of engagement with a specific screen only when activating an "event" (e.g., clicking any element on the screen). Otherwise, time of use of that specific screen is not recorded [57] . QG's frequency and time data was gathered using QualityTime [58] , a commercially available app that tracks app's usage. QualityTime was installed in the devices used for the three bi-phasic AB single-case studies. We used app openings at any given time of the day to calculate the percentage of days in which the app was used (e.g., a value of 100% would mean that the app was opened every possible day). Higher percentages indicate higher engagement with the app.
Percent of self-reported EMAs.
Google Analytics and QG logs were used to calculate the percentage of use of EMAs features for each app. Higher percentages indicate higher engagement with this tracking feature.
Overall engagement with LTQ's theory-based modules.
The number of tokens (i.e., stars) obtained by each subject served as a metric for repeated practice of smoking cessation content. By examining user logs and Google Analytics, we calculated the percent of modules practiced at least three times. For example, a score of 100% would indicate that each of the 28 modules was practiced at least three times, rendering a total of 84 tokens. We examined comprehension and retention of modules' content by analyzing user's responses to built-in LTQ module quizzes (i.e., 42 questions, three per each of the 14 psychoeducational modules). A score of 100% indicates the user responded to all questions correctly.
Data analytic strategy
We used baseline measures (e.g., psychiatric functioning) to contextualize participants' usability metrics in response to known usability barriers in this population. We calculated scores for the SUS, our self-reported measure of usability, at the end of each treatment or phase (A or B) and presented them in each case study figure (Figs. 2-4 ). These figures reflect the assigned Order (i.e., starting with A or B) and Start-Point randomization.
Upon transcribing the semistructured interviews, two coders (R.V. and K.H.) conducted a formal thematic analysis [59, 60] of these transcripts addressing the following research question: Do LTQ and QG differ in terms of user experience? In what way are they similar or different? Our thematic analysis proceeded with the following steps: data familiarization, generation of initial codes, codes collapse, and iterative affinity diagrams [61] . The coders then used affinity diagrams to examine verbal content based on similarity, dependence, and proximity to identify common clusters of content and our final themes. Finally, we extracted UE metrics and LTQ's theory-based usability metrics from Google Analytics and the QualityTime app.
RESULTS
Participants were recruited from March to May 2016. We screened 38 individuals over the telephone for eligibility in the study. Among those, 14 screened positive for an in-person interview (37%), 9 passed the in-person screen (24%), and 7 completed the study (18%). Dropouts included 1 participant who was hospitalized 3 days after study enrollment due to an unrelated psychiatric event and 1 participant whose study smartphone device was stolen and was unreachable to continue participation. Average age across participants was 45 (SD = 9.5), and four out of seven self-identified as female. Five subjects self-identified as white and two as having more than one race. Four out of seven had high school or less education and an employment disability status.
Case studies with crossover AB interventions P1 and P2 were two females with psychotic disorders. P1, a patient with a diagnosis of schizophrenia, had deficits in cognitive functioning and theory of mind. Her general psychopathology score was low; however, she presented with significant negative symptoms as reflected by the corresponding scale of the PANSS. P2 was a patient with an unspecified psychotic disorder who had larger deficits in cognitive functioning than P1, as well as lower psychiatric functioning (see Table 1 ).
LTQ's usability scores were above the standard cutoff (i.e., SUS = 68) in both cases (see Fig. 2 ), with QG slightly outperforming LTQ in P1, but largely underperforming LTQ in P2. A more detailed thematic analysis of UX interviews (Supplementary Table S1) indicated that P1 had some difficulties reading QG content. She also indicated that she enjoyed the quizzes at the end of LTQ's modules (see [23] for a full description of the app) and found LTQ easy to understand and simple to follow. P2 directly pointed out the ease of use of LTQ compared with QG, stating that her experience using QG was slightly stressful because in her view it felt like completing a chore. However, she commented on new smoking behavior insights gained thanks to QG's tracking features. Both P1 and P2 verbally reframed skills presented by LTQ using their own words, suggesting good retention and comprehension of LTQ content.
UE data indicated that P1 and P2 used LTQ between 10 and 20 min per day, repeatedly practiced LTQ modules, and had high levels of success with LTQ module quizzes. Logs of LTQ and QG in P1 indicated that LTQ's tracking features was used more frequently than QG tracking features. However, the opposite pattern was observed in P2, which is consistent with her statements during the UX interview.
B-phase training studies
P3 and P4 were a male and a female with psychotic disorders. P3 had a primary mood disorder with psychotic features, and P4 had an unspecified psychotic disorder. P3 presented with very mild cognitive deficits albeit marked deficits in theory of mind. Psychiatrically, he had high levels of general psychopathology. P4 was more psychiatrically stable than P3 but had more deficits in cognition as well as higher nicotine dependence. These two subjects were only assigned to the LTQ app. Their SUS scores were well above the usability cutoff, with a very high score in P3. Our interviews indicated very positive UXs in these two subjects (Supplementary Table S1 ). P3 emphasized the benefits of the interactive features of the app and that he enjoyed its core narrative, which reminded him of a known cartoon character. P4 commented on the emotional impact that LTQ had on her, describing it as a "clean" and "kind" feeling.
UE metrics indicated that averaging across the 30-day period, P3 and P4 used the app at least 50% of all available days with an average that ranged between 8 and 9 min per day. Both subjects practiced LTQ modules several times and responded correctly to all LTQ learning quizzes. Completion of LTQ's tracking feature was low for P3 and significantly higher for P4 (Table 2) . Bi-phasic AB single-case studies P5 and P7 were two individuals with a primary mood disorder with psychotic features and P6 an individual with a recurrent major depressive disorder. All three subjects had levels of psychopathology consistent with normative data in their population. Similarly, P5 and P6 had cognitive and theory of mind deficits consistent with patients in this population. However, P7 performed above average in both the cognitive and the theory of mind tasks. These three subjects were assigned to both the LTQ and QG apps. Across cases, LTQ's usability scores were above the SUS cutoff, and higher for LTQ compared with QG (see Fig. 4 ). A sharper difference in scores was observed in P7 (38 points). These usability scores were consistent with the results of their UX interviews (Supplementary Table S1 ). P5 and P6 indicated that LTQ was very easy to use, in P5 despite her report of a diagnosis of dyslexia. P7 emphasized the benefits of LTQ's interactive and gamification features, and directly commented on the positive effect of LTQ's quizzes on retention of app content. These three subjects also made statements about the challenges they experienced while trying to access specific QG features, including frustration (P5) or simply being surprised during the follow-up interview of some of the key QG features that were available (P6 and P7). P7 enjoyed some of QG's tracking features ("smoke free" tracking button). However, there were inconsistent reports with regard to QG's emotional impact. In one case, QG was criticized for being too "cut and dry" (P7) and in another it was praised for being appropriately "serious" (P6). UE metrics indicated longer duration of use of LTQ as compared with QG in P5 and P6 (close to a threefold increase), and slightly shorter duration of use of LTQ as compared with QG in P7. Frequency of use was greater for LTQ as compared with QG in all three cases. However, completion of LTQ and QG's tracking features (e.g., cravings, cigarettes) was at or below 52% for both apps. Finally, LTQ-specific metrics indicated that all three subjects practiced LTQ modules repeatedly and responded correctly to almost all LTQ learning module quizzes (see Fig. 4 and Table 2 ).
Smoking reductions and acceptability and safety of mHealth interventions
Smoking reductions from baseline to study completion are presented in Table 1 . Five out of seven participants experienced reductions in smoking, two reported biochemically verified 7-point prevalence abstinence (P4 and P7), and one participant (P2) indicated smoking one to two cigarettes per day, with expired carbon monoxide levels below the cutoff threshold (CM < 6 ppm). Note that we gathered smoking behavior at the end of the 30-day trial period and thus this metric reflects the combined effects of LTQ, QG, and NRT. We evaluated the safety of the mHealth intervention with change scores in the PANSS measure from baseline to the 30-day follow-up. Table 1 shows that psychiatric functioning generally improved or remained stable for all individuals.
DISCUSSION
These seven case studies evaluated the usability, UX, and UE of a smoking cessation app designed for people with SMI. Across case studies, we found that LTQ generally had higher levels of usability, UX, and UE compared with QG, a smoking cessation app developed by the NCI for the general population. UX themes supported LTQ's design, confirmed usability barriers identified in previous research [21] , and revealed aspects of QG that were of interest to this population (i.e., tracking and charts). These UX themes also indicated high levels of retention and comprehension of app content, which was consistent with responses to LTQ's quizzes. Our baseline measures confirmed the presence of cognitive deficits in all but one participant, suggesting that the results of these case studies would be generalizable to other patients with SMI and that our efforts to design a smoking cessation app tailored to address these deficits may have been successful. Furthermore, our measures of smoking behavior and psychiatric functioning indicated that mHealth interventions for smoking cessation in this population may be safely delivered without altering patient's psychiatric functioning and lead to positive smoking outcomes.
Objective measures of LTQ's UE indicated that the app was used frequently and for substantial periods of time, and that it led to repeated use of app features linked to processes of change in ACT known to predict cessation outcomes (i.e., awareness of urges, openness to experiencing them, commitment to value-based health actions) [44] . Frequency and app use duration was lower for the B-training studies, which could be interpreted as a result of the fact that LTQ's quit program had a planned duration of 14 days, after which there is no novel content displayed for the user.
Our case studies found some unexpected results. First, in one case (P1), QG's usability was 2.5 points above LTQ's usability, whereas data from the UX interviews indicated that the user found that QG's was difficult to read. We do not have enough information to resolve this discrepancy in metrics; however, given the small difference in usability scores, our interpretation is that on the whole, the subject found both apps equally usable. Second, both apps had low levels of UE with each of the app's tracking features (e.g., cigarette use, mood, craving), with a larger average for the QG app. Although this feature was minimally used in both apps (with the notable exception of P2, who used QG's tracking features 95% of available days), we think these results might indicate that LTQ's EMA design was too dependent upon Android system notifications (i.e., tracking was prompted by the Android system and not linked to a specific app button). In contrast, QG's self-initiated tracking feature (i.e., a button at the center of the app's main screen) was more often used by participants and became one of the themes of our UX interviews. This suggests that when tracking features are incorporated in smoking cessation apps, self-initiated tracking might be a more effective approach to encourage tracking behavior than system-initiated prompts (i.e., notifications).
Based on these findings, we developed an optimized LTQ app that included the following new features: (a) a self-initiated tracking button that the user could access at all times; (b) a wider variety of automated messages in response to self-reported levels of mood or cravings (e.g., "your mood is not too high or too low. Take this chance to practice your skills to quit"); (c) stronger integration of the tracking feature with LTQ modules to increase the personal relevance of the self-tracking feature and increase retention and comprehension of theory-based content. This optimization consisted of adding an automated link at the end of each self-tracking event that would give the user an opportunity to review one of their least practiced modules; (d) an additional set of notifications at the end of the 14-day LTQ journey to encourage long-term review of the least practiced LTQ's smoking cessation modules; and (e) the ability to set a quit date at the end of corresponding quit date module.
Although one participant experienced considerable psychiatric instability during the course of the study, psychiatric functioning generally improved over time for most participants. Our intervention was not designed to reduce psychiatric symptoms. However, given that ACT [24] was originally designed as a mental health intervention, it is possible that some of LTQ's modules might have been useful in addressing their own ongoing mental health symptoms. In fact, four out of seven participants directly stated that LTQ's content was applicable to other areas of their lives. Finally, impaired levels of theory of mind did not seem to have an impact on LTQ's emphasis in storytelling, suggesting that our visual approach to deliver ACT's smoking cessation content was not overly complex for our target population.
The study had several limitations. First, small sample size limits the generalizability of these findings. A larger number of case study replications using the same case method (or a group study) would improve the external validity of these findings. Second, these case studies did not have an experimental control, and the ones that approached it (i.e., bi-phasic AB single-case studies) did not have a sufficient number of replications. While the addition of two randomization procedures (Order and Start-Point randomization) can generally improve the internal validity of a single-case study and bring the design closer to an experimental design, the actual implementation of these procedures led to phases of similar length, not adequately controlling for these biases. To improve their rigor, future studies could use more cases and a new randomization procedure developed by Koehler-Levin [62] , which ensures a "staggered" start-point randomization. Despite this, our use of a diverse range of case studies with varying methodological rigor (from case studies without repeated measures to a Bi-phasic AB single-case design) is consistent with the flexibility and focus on agile implementation of this family of research methods [26] . Our methodological approach also used a variety of approaches to measurement of our key target behavior, including time series, single-case designs and qualitative research, all of which are recommended methods to refine interventions in Phase Ib of the ORBIT model that are key to translate novel behavioral technologies into effective health-related treatments [25] . Finally, a larger number of observations in our bi-phasic AB single-case studies would have allowed the use of statistical methods developed to analyze the results of our bi-phasic AB single-case studies [31] . Unfortunately, our 30-day study did not have enough statistical power to conduct such analysis in the same way we have done in previous research [63] .
In previous Phase Ia work-as described in the ORBIT model-we identified key elements needed for the design of smoking cessation apps for people with SMI, and the need to rigorously test them [20, 21, 23] . This follow-up Phase Ib study suggests that the resulting theory-based app designed for an SMI population has high levels of usability, UE, and UX. Furthermore, this study indicated appropriate comprehension and retention of LTQ's active ingredients, supporting its promise as a theory-based smoking cessation intervention. Finally, data from this study provided guidance for the development of an optimized LTQ app that could be tested in a Phase II study (e.g., a "proof of concept" study) to evaluate its potential to improve quit rates in our target population.
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